BACKGROUND: Comorbidity is poorly integrated into prostate cancer decision making. OBJECTIVE: We sought to characterize treatment type and subsequent survival for men with no more than a single comorbid condition.
INTRODUCTION
Despite a 5-year relative survival rate that approaches 100% for localized prostate cancer, men face a daunting task in deciding whether to pursue aggressive treatment. 1 Level I evidence emphasizes that the disease-specific survival benefit is not realized until ten years after treatment. 2 The impetus behind definitive treatment hinges on whether the patient is expected to live beyond ten years. Therefore, the elderly or those with significant comorbidities who undergo aggressive treatment do not enjoy the survival advantage but instead suffer post-treatment toxicities. [3] [4] [5] The Charlson Comorbidity Index offers an empirical method to incorporate an individual's comorbidities to estimate the risk of mortality. 6 The Charlson Comorbidity Index, while a strong predictor of overall survival, was originally designed to predict one-year mortality following in-patient hospitalization. Hence, it is not surprising that the adjustment weights may not correlate with a contemporary cohort managed in the outpatient setting. Moreover, it is primarily used as an adjustment tool for case mix rather than clinical decision making. For these reasons, the impact of specific comorbidities on survival remains poorly integrated in prostate cancer treatment decision making. Against this backdrop, we sought to determine the probability of prostate cancer treatment and attendant survival among men with a single comorbid condition. We measured the probability and the relative risk of undergoing prostate cancer treatment in the presence of each comorbid condition, while adjusting for patient and tumor characteristics. We then calculated survival rates using competing-risks regression analysis to characterize the impact of comorbidity on nonprostate cancer mortality. Our hypothesis was that men are being aggressively treated for prostate cancer, despite the poor prognosis associated with their comorbid conditions.
METHODS

Data Sources
We used the California Cancer Registry to identify men newly diagnosed with prostate cancer at the Greater Los Angeles and Long Beach Veterans Affairs (VA) Medical Centers in 1997-2004. We reviewed medical records to determine age, race, tumor characteristics, body mass index (BMI), type of primary treatment, comorbidities at diagnosis, need for a mobility device, tobacco use and history of alcoholism. We excluded men with no prostate cancer diagnosis (N =40), histology other than adenocarcinoma (N=46), incidental diagnosis at radical cystectomy (N =25), insufficient data to determine sociodemographic, comorbidities, tumor-risk strata or follow-up information (N =206), metastatic disease (N =115), more than one listed comorbid condition (N =265), and unknown BMI (N =186). The final analytic sample was 1,031 subjects. The Institutional Review Boards at UCLA and the two VA sites granted approval.
Study Variables
Comorbidity. We utilized the Charlson Comorbidity Index to generate our list of independent comorbid conditions. 6 We collected comorbidities at diagnosis by review of the interdisciplinary medical record. Comorbidities had to have been present at the time of the prostate cancer treatment decision. In order to avoid the effects from two or more comorbid conditions on the decision to pursue definitive treatment and attendant survival, we excluded subjects with more than one comorbid condition. Hence, the comorbidities are mutually exclusive and this allowed us to compare a single comorbid condition with no comorbidities in the predictive probability and survival models. Additional Patient Characteristics. From the medical record, we ascertained additional patient characteristics such as age at diagnosis, race/ethnicity, BMI, utilization of a mobility device, history of alcoholism and tobacco use at the time of diagnosis. A mobility device was defined as a wheelchair, walker, cane or crutch. We also included the VA site of diagnosis. Tumor Risk. Tumors were risk-stratified using the widely accepted D'Amico criteria, which utilize PSA, Gleason Score, and clinical stage at diagnosis to predict risk of progression, overall mortality, and cancer-specific mortality. We also performed the analysis with treatment being defined as radical prostatectomy only, while patients who underwent radiation therapy, brachytherapy, watchful waiting, immediate or delayed androgen deprivation therapy were classified as not receiving treatment.
Moreover, we performed a sensitivity analysis with treatment defined as surgery, brachytherapy, radiation therapy or immediate hormone therapy to ascertain the treatment rate as it pertains to men with high-risk disease. Mortality. Survival was measured from date of diagnosis until date of death. We determined date of death using the medical record and the Social Security Death Index. Cause of death was determined using the medical record by the following algorithm. Men were considered to have died from prostate cancer based on: enrollment in hospice or palliative care for prostate cancer; advancing PSA despite secondary hormonal therapy or chemotherapy; or death as a sequela of metastatic disease (bony fracture or organ failure related to metastasis). Non-prostate cancer mortality was defined as death from other causes as noted in the medical record. If cause of death could not be determined from the medical record, subjects were considered to have died from other causes if: PSA was stable five years after local treatment; PSA was stable one year prior to death after local treatment for D'Amico intermediate/high-risk disease or two years prior to death for low-risk disease; PSA was stable six months prior to death while on hormonal therapy for locally advanced or recurrent disease; or if primary hormonal therapy, secondary hormonal therapy, or chemotherapy was not initiated within six months prior to death for locally advanced or recurrent disease.
Statistical Analysis
We first compared clinical and demographic characteristics of our population across treatment type using Chi-square or Fisher's exact tests. For the multivariate model, we restricted our cohort to conditions with at least 20 subjects, yielding: no comorbid condition, cerebrovascular disease (CVD), mild chronic obstructive pulmonary disease (COPD), moderate-severe COPD, diabetes without endorgan damage, mild liver disease, myocardial infarction (MI), peptic ulcer disease (PUD), peripheral vascular disease (PVD), diabetes with end-organ damage and prior malignancy. Since treatment was not a rare event, odds ratios overstate the estimate; hence, we generated multivariate predictive probabilities and relative risks of undergoing treatment while adjusting for patient and tumor characteristics by using the logit command. Confidence intervals (95% CI) were generated by bootstrapping with 1,000 repetitions using a bias-corrected approach. Our independent variables included patient (age, race, BMI, comorbid condition, mobility device, history of alcoholism, tobacco use and VA site) and tumor (D'Amico risk) characteristics. Our dependent variable was defined as undergoing treatment or not.
We then measured the equality of survival functions for each independent variable with differences reported as log-rank test. While the log-rank test refers to the entire history, we report 5-year and 10-year survival for the sake of brevity. We utilized a maximum likelihood, competing-risks regression model as described by Fine and Gray. 9 Competing-risks regression analysis was performed to characterize the risks of non-prostate cancer mortality across comorbid conditions. We defined failure as non-prostate cancer mortality and the competing event as prostate cancer-specific mortality. Estimates are reported as sub-hazard ratios (HR) with corresponding 95% confidence intervals. Post-estimation non-prostate cancer mortality curves were generated for statistically significant variables from the competing-risks regression analyses. While competing-risks regression analysis does not have a goodness-of-fit statistic, we utilized the Cox model as a proxy. We tested goodness-of-fit using "log-log" plots and Hosmer and Lemeshow analysis. 10 The model fit the data adequately.
We used p<0.05 to denote statistical significance, and all tests were two-sided. Statistical analyses were performed in STATA 11.1 (College Station, TX).
RESULTS
A plurality of our cohort was 66-75 years of age White, without comorbidity, overweight, and diagnosed with D'Amico low-risk cancer. On univariate analysis ( Although not quite statistically significance, there was a trend towards a higher incidence of definitive treatment among morbidly obese men when compared with those of normal weight (p=0.06).
We determined the overall survival difference with corresponding 5-year and 10-year survival rates and log-rank test for each variable ( Table 2 ). The respective 5-year and 10-year survival for those without any comorbid conditions were 88% and 75%; men with moderate-severe COPD were 50% and 12%; diabetes with end-organ damage were 57% and 36%; those in need of a mobility device were 57% and 17%; and those age >75 had a 64% and 43%.
In Table 3 , we measured probability and corresponding relative risks of undergoing definitive treatment (surgery or radiation). When compared with men without comorbidities, only Competing-risk regression analyses for non-prostate cancer mortality were generated (Fig. 1a-d) . As an aid, we have included a marker (black dot) to represent 10-year 50% mortality. For age, the 10-year probability of nonprostate cancer mortality for a 55, 65 and 75 year old were 10%, 21% and 42%, respectively (p-value <0.001) (Fig. 1a) . For comorbidity, the 10-year probability of non-prostate cancer mortality were 16% for men without any comorbid conditions; 35% for diabetes without end-organ damage; 49% for PVD; 50% for diabetes with end-organ damage; and 65% for moderate-severe COPD (Fig. 1b) . With regard to mobility device, the 10-year mortality rate was 21% for men without a mobility device, and 55% for those in need of the mobility device (Fig. 1c) . As to history of alcoholism, the mortality rates were 20% for those without history of alcoholism, and 36% for those with a positive history of alcoholism (Fig. 1d) .
In Figure 2 , we stratified the four statistically significant comorbidities into three age groups (age 55, 65, and 75). A 10-year mortality rate that exceeds 50% was found among men 65 years of age or older with moderate-severe COPD (≥58%) or diabetes with end-organ damage (≥54%), and 75-year old men with PVD (≥70%) or diabetes without end-organ damage (≥61%).
DISCUSSION
In addition to age, diminution in the aggressive treatment rate occurred only with men with moderate-severe COPD. Men with other single comorbidities, in need of mobility device, with history of alcoholism, current smokers or those who are morbidly obese received aggressive treatment for their prostate cancer at similar rates as those without any comorbid conditions or corresponding prognostic factors. We suspect that single comorbid conditions often give patients and their treating physicians a false sense of prolonged life expectancy. Hence, patients and physicians need a physical cue to associate single comorbidity with death, such as dyspnea at rest or oxygen tank (as in the case in moderatesevere COPD) or neurologic deficit, as demonstrated through a sensitivity analysis including multiple comorbidities (hemiplegia: RR 0.63, data not shown). Age 75, while not necessarily a proxy for impending death (10-year mortality of 42%), serves as a very strong cue (RR 0.31). In the competing-risk regression model, men with PVD, diabetes with end-organ damage, moderate-severe COPD, and those in need of a mobility device, had higher 10-year nonprostate mortality rates than an age of 75. If the benchmark for treatment should be a 10-year mortality rate that exceeds 75-years of age, then men 65-years of age or older with either COPD, diabetes with end-organ damage, or PVD may not benefit from treatment. Of the four statistically significant comorbidities, only 65-year-old men with diabetes without end-organ damage have a 10-year mortality rate that was marginally lower than 75-year old men (34% vs. 42%). Hence, the data is open to interpretation-either men with advancing age were under-treated or men with health states that portend a poor prognosis were over-treated. Mismatches between comorbidity-associated overall survival and aggressive treatment rates may be attributed to either 1) patients and physicians being unable to predict or integrate long-term survival from these comorbid conditions with realized benefit of aggressive treatment, or 2) qualityof-life considerations, treatment availability and patient preferences driving the decision to pursue aggressive treatment. With the former, one would posit a similar treatment rate between any treatment type and surgery only. This was the case for all but two comorbidities-CVD and moderate-severe COPD. With the latter, one would anticipate a difference between any treatment type and surgery. Precisely, men with significant comorbidity would have been triaged to radiotherapy to avert the perioperative risk of surgery. This was only seen in men with moderatesevere COPD or CVD.
Our findings are unexpected since a plenitude of studies characterizing patterns of care demonstrated a negative association between worsening comorbidity and treatment rate. [11] [12] [13] [14] [15] However, our findings are plausible since a single comorbid condition at the time of treatment may not seem overly concerning for a dismal prognosis. In fact, upon a more thorough review of the extant literature, one discovers that others also failed to find a significant difference in the treatment rate when comparing men with a Charlson Score of 1 or 2 vs. 0. [16] [17] [18] This is attributed to clinicians' 1) overall difficulty in forecasting 10-year survival rates for men with localized prostate cancer; 19 2) perception that a single comorbid condition is unlikely to impact long-term survival; 3) unease in withholding treatment for men with a single comorbid condition, irrespective of severity; and 4) perception that significant advances made in the management of patients with particular comorbid conditions such as HIV, cardiovascular disease and those with a prior malignancy have changed the landscape for long-term survival. With Figure 1 . Non-prostate cancer mortality stratified by age (1a), comorbid conditions (1b), need for a mobility device (1c), and history of alcoholism (1 d). *Dot represents 10-year 50% mortality.
regard to the latter, while men with HIV and those with metastatic lung cancer both have a Charlson Score of 6, in the context of anti-retroviral therapy the long-term survival rates are disparate. Our study is tempered by several limitations. First, the VA cohort may not be representative of US population such as severity of comorbid conditions and omitted variable bias, which may be associated with earlier mortality. However, with chart abstraction and restricting the cohort to a single comorbid condition, we attempted to minimize this effect. Second, our study was retrospective and is subject to response bias. Men with greater access to medical care may have more thorough reporting of comorbidity information and, thus, inflated comorbidity scores compared with healthier men. Third, this study is limited to men with no more than one comorbid condition and hence, some comorbidities (e.g., PVD or diabetes with end-organ damage) may be associated with other comorbidities. One would suspect that the treatment rate for these conditions would be lower than those without any comorbidity. However, in a sensitivity analysis, only men with hemiplegia (RR 0.63; 95% CI 0.22-0.97) or those with prior malignancy (RR 0.73; 95% CI 0.53-0.91) had a lower risk of undergoing definitive treatment than men without any comorbidities. Last, our study is limited by the modest sample size of 1,031. Particular comorbid conditions may have been associated with a lower rate of definitive treatment rate if we had had a larger sample size. Nonetheless, even it were statistically significant with a larger sample, the mismatch between the effect size of a 3% relative risk reduction among men with diabetes with end-organ damage (RR 0.97) when compared with those without any comorbid conditions is modest when compared with a 69% relative risk reduction with age (RR 0.31 for those >75 vs. <56). Still, our findings should be evaluated with caution until validated in population-level analyses.
Notwithstanding these limitations, our study is strengthened by the selection of men with an equal-access medical care system in the VA, availability of comorbid conditions and other prognostic factors, study design and the reliability of chart abstraction. The purpose of our study was not to invalidate the Charlson Comorbidity Index, but rather characterize the impact of single comorbid conditions on survival. Despite the comparable treatment rates, men with diabetes with or without end-organ damage, PVD, those in need of a mobility device, and men with history of Figure 2 . Non-prostate cancer mortality stratified by age for moderate-severe COPD (2a), diabetes with end-organ damage, PVD (2c), and diabetes without damage (2 d). *Dot represents 10-year 50% mortality.
